Aims/hypothesis Diabetic nephropathy has been associated with low-grade inflammation and activation of the complement system in cross-sectional studies. Data from prospective studies are sparse. We investigated the associations of the complement activator mannose-binding lectin (MBL) and the inflammatory marker high-sensitivity C-reactive protein (hsCRP) with the development of nephropathy in a large prospective study of patients with type 1 diabetes from the Finnish Diabetic Nephropathy (FinnDiane) Study. Methods Baseline MBL and hsCRP were measured in 1,564 type 1 diabetes patients from the FinnDiane study, of whom 1,010 had a normal albumin excretion rate, 236 had microalbuminuria and 318 had macroalbuminuria. The main outcome was progression in renal disease during follow-up. Results Both baseline MBL (p=0.038) and hsCRP (p<0.001) increased with increasing level of albuminuria. During 5.8± 2.2 years of follow-up, progression to a higher albuminuria level or end-stage renal disease (ESRD) occurred in 201 patients. MBL levels were higher in progressors compared with non-progressors at all steps of progression, and in a covariate adjusted multivariate Cox-regression analysis MBL levels above the median were significantly associated with progression from macroalbuminuria to ESRD (hazard ratio 1.88, 95% CI 1.06-3.32, p=0.030). In a univariate analysis, hsCRP levels above the median were significantly associated with progression from normal albumin excretion rate to microalbuminuria, but the association was only borderline significant after adjustment for covariates (hazard ratio 1.56, 95% CI 0.97-2.51, p=0.068). Conclusions/interpretation This study demonstrates that concentrations of both MBL and hsCRP are associated with the progression of renal disease in type 1 diabetes.
Introduction
Despite significant improvements in diabetes care with intensified treatment of hyperglycaemia and hypertension, a significant proportion of patients with type 1 diabetes still develop diabetic nephropathy [1] . It is generally believed that the pathogenesis of diabetic renal disease is multifactorial, and progression may involve both low-grade inflammation and activation of the complement system.
The complement system is an enzyme cascade of the innate immune system that is activated via one of three different pathways: the classical, the alternative and the mannose-binding lectin (MBL) pathways [2, 3] . The system has evolved as a defence against pathogens, but it may act as a double-edged sword and cause self-damage following adverse activation. This happens through deposition of the membrane attack complex (MAC, also called C5b-9), the cytolytic endproduct of the complement cascade, or through increased inflammation via release of the anaphylatoxins C5a and C3a. Increased deposition of MAC is found in diabetic kidneys [4] , and recent experimental data indicate that glycoxidation-mediated local complement activation may be a significant contributor to the progression of diabetic nephropathy [5] . This finding thus provides a possible link between hyperglycaemia and progression of diabetic kidney disease.
Animal studies have shown that MBL2 knockout mice that are unable to activate the MBL pathway of the complement system are protected from the detrimental effects of diabetes on the kidneys [6] , indicating that the MBL pathway plays a significant role in diabetic renal changes. In humans, MBL levels vary significantly from person to person because of frequently occurring polymorphisms within exon 1 as well as in the promoter region of the MBL2 gene on chromosome 10 [7, 8] . The MBL2 gene is not a type 1 diabetes susceptibility gene per se [9] , but patients with type 1 diabetes have significantly increased serum levels of MBL [10, 11] , and both high circulating levels of MBL and high-coding MBL genotypes are associated with the presence and development of microalbuminuria and diabetic nephropathy [12] [13] [14] .
There is evidence of increased inflammatory activity in type 1 diabetes [15, 16] . Markers of inflammation such as high sensitivity C-reactive protein (hsCRP) have been cross-sectionally associated with diabetic nephropathy in some studies [17] , while in the DCCT/Epidemiology Of Diabetes Interventions And Complications (EDIC) study CRP levels were not associated with complications [16] . The relationship between CRP levels and glycaemic control is complex, and CRP levels may even increase with intensified treatment depending on the degree of weight gain associated with the treatment [18] . Circulating hsCRP levels may predict the development of albuminuria in longitudinal studies of patients with type 2 diabetes [19, 20] . Whether this is also the case in type 1 diabetes remains unclear, although there was no clear association between CRP level and the progression of nephropathy in the DCCT trial [21] . Circulating levels of MBL in patients with type 2 diabetes are not different from those of healthy people, but MBL alone and especially in combination with hsCRP provides prognostic information on the development of albuminuria during the long-term follow-up of normoalbuminuric patients with type 2 diabetes [22] . In the present study we investigated the association of the prevalence and incidence of diabetic nephropathy with MBL and hsCRP levels at baseline in a large prospective study of patients with type 1 diabetes from the Finnish Diabetic Nephropathy Study (FinnDiane).
Methods
Study design This study was part of the ongoing prospective FinnDiane Study, which is a nationwide, comprehensive multicentre study with the aim of identifying genetic and environmental risk factors for diabetic nephropathy in type 1 diabetes patients.
At baseline, patients underwent a thorough clinical investigation at a regular visit to the attending physician. The prospective study started in 2005. For all patients in the present analysis, all available medical files, including laboratory data, were reviewed and changes in renal status were verified.
Study participants Out of an original cohort of 1,691 patients with data available on both serum CRP and MBL, 127 with CRP above 10 mg/l were excluded because of potential ongoing infection. Therefore, 1,564 patients participated in the present study and were followed for an average of 5.8±2.2 years. Type 1 diabetes was defined as onset of diabetes before the age of 35 years and permanent insulin treatment initiated within 1 year of diagnosis.
The cohort was subdivided into 1010 patients with normal urinary albumin excretion rate (normoalbuminuria; albumin excretion rate [AER] <20 μg/min or <30 mg/24 h), 236 patients with microalbuminuria (20≤AER ≤200 μg/min or 30<AER < 300 mg/24 h) and 318 patients with macroalbuminuria (AER≥200 μg/min or ≥ 300 mg/24 h), based on fulfilment of the criteria for AER in at least two out of three consecutive overnight or 24 h urine collections at baseline. All urine samples were screened with a urine stick to exclude any urinary tract infection. Patients with end-stage renal disease (ESRD), defined as patients on dialysis or having received a kidney transplant, were excluded.
Progression of renal disease was defined as follows. All local AER data between baseline and the follow-up visit were reviewed. Based on the AER in any two out of three consecutive urine collections during the follow-up period, the renal status of patients was classified as in the baseline examination. Progression was defined as a change from one level to a higher level of albuminuria or the development of ESRD. Patients without progression of renal disease and patients who regressed to a lower level of albuminuria were classified as non-progressors.
The ethics committees of all participating centres approved the study protocol. Written informed consent was obtained from each patient and the study was performed in accordance with the Declaration of Helsinki as revised in 2000.
Measurements At the regular patient visits, data on medication and diabetic complications were recorded using a standardised questionnaire, which was completed by the patient's attending physician based on medical files. Blood pressure was measured twice in the sitting position with a mercury sphygmomanometer after a 10 min rest and the average of these measurements was used in the analysis. Height, weight and WHR were recorded, and blood was drawn for the measurement of HbA 1c , lipids, creatinine, hsCRP and MBL.
HbA 1c was determined by standardised assays at each centre. Serum lipid and lipoprotein concentrations were measured by automated enzymatic methods using a Cobas Mira analyser (Hoffmann-La Roche, Basle, Switzerland). Serum creatinine was assessed by enzymatic methods at a central laboratory. AER was determined in one 24 h urine collection at the central laboratory by radioimmunoassay (Pharmacia, Uppsala, Sweden) or immunoturbidimetry. The serum concentration of MBL was determined using an inhouse time-resolved immunofluorometric assay [10] , and hsCRP was measured by a photometric, immunochemical method with an ultrasensitive kit (Orion Diagnostica, Espoo, Finland). The within-and between-assay CVs were 4.0% and 6.5%, respectively.
Statistical analysis Data are expressed as mean ± SD for normally distributed values and as median with interquartile range for non-normally distributed values. Differences between groups for normally distributed variables were tested using ANOVA and non-parametric data with the Kruskal-Wallis test. Categorical variables were analysed with the χ 2 test. Risk factors for the progression of diabetic nephropathy were assessed using Cox regression analysis. In the normoalbuminuric group, with the observed number of progressors, the study had an 80% power with an alpha level of 0.05 to detect a difference in CRP or MBL of 0.33 SDs. The corresponding differences for patients with microalbuminuria and macroalbuminuria at baseline were 0.52 and 0.36 SD. All calculations were performed with SPSS 15.0.1 (SPSS, Chicago, IL, USA).
Results
Baseline values Clinical characteristics of the patients grouped by albuminuria status are presented in Table 1 . There was a stepwise increase in median serum MBL levels with increasing albuminuria level (overall p=0.038), and patients with macroalbuminuria had significantly higher levels of MBL than patients with normoalbuminuria. Concentrations of hsCRP were also increased in patients with albuminuria at baseline (overall p<0.001), but MBL and hsCRP levels did not correlate (r=0.015, p=0.56). Median MBL levels were slightly higher in men (1864 µg/l, IQR 634-3100) than in women (1,643 µg/l, IQR 505-2,947; p=0.029), while hsCRP concentrations were significantly higher among women (2.10 mg/l, IQR 1.41-3.62) than among men (1.72 mg/l, IQR 1.07-3.09, p<0.001). The frequency of use of non-steroidal anti-inflammatory agents (NSAIDs) was 3.9%, 6.0% and 15.3%, and the use of statins 3.5%, 7.9% and 21.8% in patients with normal AER, microalbuminuria and macroalbuminuria, respectively. When comparing the CRP and MBL concentrations within the three AER categories separately, there were no significant differences between those with and without NSAID or statin treatment.
Progression The mean follow-up time was 5.8±2.2 years, and during this period progression to either the next albuminuria level or ESRD occurred in 201 patients (Table 2) . Baseline serum MBL levels were higher in progressors compared with non-progressors at all steps, but significantly so only in patients progressing from macroalbuminuria to ESRD compared with patients who remained macroalbuminuric (Table 2 ). In Kaplan-Meier estimates of progression made after dividing the patients into those with MBL levels above or below the median (Fig. 1a-c) , the rate of progression from macroalbuminuria to ESRD was significantly higher among patients with high MBL (p=0.03, log rank test; Fig. 1c ). High MBL levels remained significantly associated with progression from macroalbuminuria to ESRD after adjustment for other significant covariates (HbA 1c , systolic blood pressure, triacylglycerol level and total cholesterol level) in a multivariate Cox regression analysis (HR 1.65, 95% CI 1.02-2.67, p=0.040). The association between high MBL and progression remained the same when adding AER to the Cox analysis (HR 1.88, 95% CI 1.06-3.32, p=0.030). Higher hsCRP levels were seen in patients that progressed from normoalbuminuria to microalbuminuria compared with patients who remained normoalbuminuric (p=0.018) but not in other progressors. In a univariate analysis, the rate of progression from normoalbuminuria to microalbuminuria was significantly higher in patients with hsCRP levels above the median (p=0.001, log rank test; Fig. 2 ), The p values refer to comparisons between progressors and non-progressors within the same albuminuria group but the association was only borderline significant after adjustment for other significant covariates (sex, HbA 1c , diastolic blood pressure, WHR and levels of triacylglycerol and total cholesterol) in a multivariate Cox-regression analysis (HR 1.56, 95% CI 0.97-2.51, p=0.068).
In patients with type 2 diabetes, combining MBL and hsCRP may provide additional prognostic information on the development of microalbuminuria [19] . In the present study, Kaplan-Meier estimates of progression made after dividing patients according to both MBL and hsCRP median levels showed a significantly higher progression rate from normoalbuminuria to microalbuminuria in patients with both high MBL and high hsCRP compared with patients with both low MBL and low hsCRP (p= 0.011, log rank test; Fig. 3) . However, the association was not statistically significant in a multivariate Cox regression analysis.
Discussion
This large prospective multicentre study confirms previous cross-sectional findings of successively increased concentrations of MBL and hsCRP in patients with increasing severity of diabetic nephropathy. In addition, the study demonstrates that both molecules are associated with the progression of renal disease in type 1 diabetes. Our findings are in line with previous studies on the associations of both MBL and hsCRP with progression of diabetic nephropathy in type 2 diabetes [19, 22] , and points to a role of complement activation and low-grade inflammation in the pathology of diabetic kidney disease. Fig. 3 Cumulative incidence of progression from normoalbuminuria to microalbuminuria during follow-up according to both baseline MBL and hsCRP levels (p=0.011, logrank test). Solid line indicates MBL and hsCRP levels below the sex-specific median of 1,864 µg/l in men and 1,643 µg/l in women for MBL and 1.72 mg/l in men and 2.10 mg/l in women for hsCRP. Line with long dashes indicates MBL levels below and hsCRP levels above the sex-specific medians. Dotted line indicates MBL levels above and hsCRP levels below the sexspecific medians. Line with short dashes indicates MBL and hsCRP levels above the sex-specific medians The major part of inter-individual variation in MBL levels is genetically determined [7] , and the fact that patients with diabetic nephropathy have higher levels than normoalbuminuric patients may thus point to a causative role of MBL. Assuming that patients born with high MBL levels are at increased risk of developing nephropathy, a higher proportion of these patients would have some degree of albuminuria already at baseline, which could explain why MBL levels were only associated with late progression from macroalbuminuria to ESRD in the present study. High-sensitivity CRP, by contrast, seems more associated with the earlier stages of progression, and may rather be a marker of progression than a causative factor. In epidemiological studies elevated hsCRP levels are consistently associated with atherosclerosis and vascular disease [23] , and measurements of CRP levels have been used for therapeutic decision making in the primary prevention of cardiovascular events [24] . Polymorphisms in the CRP gene are associated with differences in circulating CRP levels [25] , but it was recently demonstrated that these polymorphisms in themselves are not associated with an increased risk of ischaemic vascular disease [26] . Based on these findings it seems likely that CRP is merely a marker for the development of vascular disease, and one may speculate that the same is the case with respect to the progression of diabetic nephropathy.
Concentrations of MBL and hsCRP were not correlated in the present study or in previous studies of patients with type 1 diabetes mellitus [10, 12, 13] , probably as a consequence of the strong genetic influence on MBL levels. One could therefore expect a stronger association with the progression of nephropathy if prognostic information from the two variables were combined. Among normoalbuminuric patients with type 2 diabetes, those with both high MBL and high hsCRP levels have a more than twofold greater risk of progression to microalbuminuria compared with patients with both low MBL and hsCRP [22] , but in the present study the combined variable was only significantly associated with the progression of nephropathy in the univariate analysis.
Our study has some limitations. First, only samples from baseline were included, and the study does not provide information on changes over time in the concentrations of the two biomarkers. For the purpose of prognostication and possible clinical use, however, the single-sample approach seems most feasible and, with respect to MBL, the day-to-day variation [27] and changes during acute phase responses [28] are very small compared with the genetically determined person-to-person variation. Second, the prospective part of the study may have been biased by the duration of diabetes at baseline. Ideally, studies of prognostic biomarkers should include patients with newly diagnosed diabetes, but in our study the average duration was approximately 20 years, and at this stage of disease patients with the highest inherent disposition are likely to have progressed to some degree of albuminuria. This is reflected in the progression rate from normo-to microalbuminuria, which was below 10% during follow-up, compared with successively higher progression rates from the more advanced stages of nephropathy.
In summary, MBL and hsCRP levels are cross-sectionally associated with the severity of diabetic nephropathy in type 1 diabetes, and both molecules may contribute information in the assessment of risk of future progression, albeit with different strengths and at different stages of renal disease.
